In order to improve the wear and corrosion resistance of 45# steel, a layer of 304 stainless steel /WC composite coating was prepared on its surface by laser cladding technology. The microstructure, micro-hardness, wear resistance, wear scar and corrosion resistance of the coating were characterized by metallographic microscope, micro hardness tester, friction and wear testing machine, scanning electron microscope and electrochemical workstation, respectively. Results show that the microstructure of the coating composed of plane crystal, cellular crystal, dendrite and equiaxed crystal. With the increase of WC content, hardness of the coating increased gradually. However, when the amount of Y2O3 increased, the hardness of coating decreased slightly. While the addition of WC was 5 wt. % and the amount of Y2O3 was 0.5 wt. %, the coating has an outstanding wear resistance performance. Besides, when the amount of WC was 10 wt. % and the amount of Y2O3 was 1 wt. %, the coating has an excellent corrosion resistance.
INTRODUCTION
Laser cladding is a deposition welding process, which using high energy laser beam to clad a coating layer on workpiece surface and to ensure the interface ____________________________ Cong Luo, Peng Xu*, Qiangxiao Deng, Fei Liao, Chongjin Shen, Jiangsheng Shu, College of Materials and Metallurgy, Guizhou University, Guiyang 550025, China between substrate and the coating is a metallurgical combination [1] [2] [3] . Since Gnanamuthu initially used lasers to clad a single metal coating in 1974, laser cladding has attracted great attention [4] . After years of development, Laser cladding has become a frontier in the field of the surface modification technology [5] .
As a kind of steels, 45# steel was widely used in bearing components because of it's cheaper cost [6] . However, 45# steel surface is easy to wear, fatigue and corrode, so to improve the surface corrosion resistance and wear resistance of 45# steel has a broad market application prospects [7] .
Austenitic stainless steel has good corrosion resistance and oxidation resistance, so it is widely used in daily industrial applications. Especially 304 stainless has an excellent mechanical properties and its relatively low price, which make it plays a crucial role in many fields, such as food industry, agriculture, chemistry and shipbuilding industry [8] .
WC is a black hexagonal crystal compound that composed of tungsten and carbon atom. As a kind of ceramic material, WC has a metallic luster, excellent thermal conductivity and electrical conductivity [9] . At present, the ceramic-metal composite coatings have been widely studied, because it combines toughness of metal and wear resistance of ceramic [10] .
Rare earth, is widely used in the field of engineering, known as the "industrial vitamin". In the field of laser cladding, rare earth is often used to adjust the microstructure and mechanical properties of the cladding layer. Therefore, it is of significance to study the effect of rare earth oxides on the microstructure and properties of cladding layer.
In this paper, to obtain 304 stainless steel /WC composite coating with Y2O3 on the 45# steel surface, the laser cladding technology was used. Moreover, the microstructure and properties of the coating was investigated to confirm the successful preparation of the composite coating.
EXPERIMENTAL DETAILS
45# steel was used as the substrate. The cladding materials were pure 304 stainless steel, WC and Y2O3 powders and their size was 10-50 um. The 45# steel were cut into 100mm × 50mm × 10mm. To ensure its surface smooth, specimens were polished by sandpaper. And then, the alcohol was used to clean the specimens. Four kinds of composite powders were designed and optimized by orthogonal experiment, and its composition was shown in Table 1 . Then these powders were mixed by QM-1 horizontal ball mill. A special scraper was used to put the mixture powders on the substrate surface, and the depth of coating materials was about 5mm. Using TFL-H10000 Type 10KW CO2 laser instrument to realize laser cladding process. The optimized laser cladding parameters were as follows: output power P=1.5KW, scanning velocity V=500mm/min, spot diameter D=4mm.
The microstructure of specimen was observed by OLYMPUS GX51 metallographic microscope. Miro-hardness of the coating were measured by the micro-hardness tester. By using the HSR-2M high speed reciprocating friction tester was used to rub the coating surface at room temperature. The morphology of wear scar was observed by SUPRA-40 scanning electron microscope. The corrosion resistance of the sample was measured by the electrochemical workstation.
RESULTS AND ANALYSIS
Microstructure of the composite cladding layer was shown in Fig.1 . As the figure showed, there was no micro-cracks and micro-holes on the cladding layer, and the microstructure of the coating was closely compacted. In laser cladding process, the solidification of the molten pool lead to the nucleation and growth of grain. Therefore, the formation of the grains experienced nucleation, growth and crystallization in the ultra-fast cooling process of the molten pool. 2 showed that curve of friction coefficient with time, it could be seen that, in the initial, the coefficient of friction wear stage has risen sharply, which was due to the friction pair surface has a micro roughness after processing, and it led to wear faster. With the process of friction, the micro roughness of friction pair surface was gradually worn out, the actual contact area increased progressively, leading to a sharp rise of the friction coefficient. When micro-roughness of the friction pair surface was worn away completely, the actual contact area no longer increasing and the stable wear area forming. In this stage, wear coefficient of sample 1 was about 0.452, sample 2 was about 0.448, sample 3 was about 0.468, and sample 4 was about 0.459. It showed that the friction coefficient of the sample 2 reached to minimum. Therefore, the stability of sample 2 was excellence, and its wear resistance was outstanding. The wear morphology of different samples was shown in Fig 3. It could be seen that the grinding groove was deeper at the cross-border, which was a typically abrasive wear. There were no obvious grinding groove in the middle of wear scar, and herein, a deformation, spalling and tear occurred, which was an adhesive wear. And it could be seen that the wear scar of the sample 2 was relatively shallow than that of the others, as shown in Fig. 3(b) . So the WC and Y2O3 could improve the wear resistance of the coating, and when the amount of WC was added to 5 wt. % and the content of Y2O3 was added to 0.5 wt. %, the wear resistance of the coating was better.
The polarization curves of four samples were shown in Fig. 4 , and the vertical axis stood for the voltage, the horizontal axis represented the logarithm of the current.
The self-corrosion potential and self-corrosion current of sample 1 were larger. It suggested that its corrosion tendency was lower, but the corrosion rate was faster. In contrast, corrosion tendency of the other samples were lager than that of the sample 1, but the corrosion rates of them was lower and they have an excellent corrosion resistance. Consequently, sample 3 that contained 10 wt. % WC and 1 wt. % Y2O3has a better corrosion resistance. It could be implied that, although the WC may cause a sharp decline on corrosion resistance tendency, the addition of Y2O3 could control the structure of the coating. Thus, its self-corrosion rate decreased relatively, on the other hand, its corrosion resistance increased. 
CONCLUSIONS
304 stainless steel/WC composite coating was successfully prepared by laser preparation on the surface of 45 # steel.
The composite coating has a flat surface, little black oxide, and no holes. The microstructure of the coating consisted of the plane crystal, cellular crystal, dendrite crystal and equiaxed crystal from the bottom region to the top in sequence. And the coating has an ultra-refinement grain.
With the increase of WC content, hardness of the coating increased slightly. However, with the increase of Y2O3 amount, the precipitation of WC carbide particles decreased greatly, which led to the hardness of the coating decreased.
The wear resistance of the composite coating was improved after WC doping. And adding rare earth oxide could enhanced the ability of the wear resistance.
When the WC was added into the composite cladding layer, its corrosion tend to rise. Besides, with the increase amount of Y2O3, the microstructure of the coating could be controlled, and its corrosion resistance improved significantly.
